Abstract Plasmacytic differentiation may occur in almost all small B cell lymphomas (SBLs), although it varies from being uniformly present (as in lymphoplasmacytic lymphoma (LPL)) to very uncommon (as in mantle cell lymphomas (MCLs)). The discovery of MYD88 L265P mutations in the vast majority of LPLs has had a major impact on the study of these lymphomas. Review of the cases contributed to the 2014 European Association for Haematopathology/Society for Hematopathology slide workshop illustrated how mutational testing has helped refine the diagnostic criteria for LPL, emphasizing the importance of identifying a clonal monotonous lymphoplasmacytic population and highlighting how LPL can still be diagnosed with extensive nodal architectural effacement, very subtle plasmacytic differentiation, follicular colonization, or uncommon phenotypes such as CD5 or CD10 expression. MYD88 L265P mutations were found in 11/11 LPL cases versus only 2 of 28 other SBLs included in its differential diagnosis. Mutational testing also helped to exclude other cases that would have been considered LPL in the past. The workshop also highlighted how plasmacytic differentiation can occur in chronic lymphocytic leukemia/small lymphocytic lymphoma, follicular lymphoma, SOX11 negative MCL, and particularly in marginal zone lymphomas, all of which can cause diagnostic confusion with LPL. The cases also highlighted the difficulty in distinguishing lymphomas with marked plasmacytic differentiation from plasma cell neoplasms. Some SBLs with plasmacytic differentiation can be associated with amyloid, other immunoglobulin deposition, or crystal-storing histiocytosis, which may obscure the underlying neoplasm. Finally, although generally indolent, LPL may transform, with the workshop cases suggesting a role for TP53 abnormalities.
Introduction
Plasma cells are the ultimate effector cells of the humoral immune system, developing from lymphoid cells. While in many cases malignant lymphomas represent a block in the normal maturational sequence, the block is incomplete in a variable proportion of the different small B cell lymphomas (SBLs), ranging from some in which plasma cell differentiation is expected (lymphoplasmacytic lymphoma (LPL)) to others in which it is very infrequent (mantle cell lymphoma (MCL)). Furthermore, the extent of plasmacytic differentiation can vary from minimal, only recognizable with the aid of immunohistochemical stains, to very extensive with little or perhaps no remaining lymphoid component. Thus, plasmacytic differentiation does not define any specific type of B cell lymphoma, and their categorization should be based on the more specific type of lymphoid cells present, as assessed from their morphologic, phenotypic, and molecular/ cytogenetic features and aided by the clinical presentation. This manuscript summarizes the 2014 European Association for Haematopathology (EAHP)/Society for Hematopathology (SH) slide workshop sessions that dealt with SBL with plasmacytic differentiation. It highlights the contributions of next generation sequencing with the recent discovery of MYD88 L265P mutations in the vast majority of LPLs and relatively few other SBLs. It will concentrate on the issues addressed at the workshop with more comprehensive reviews of LPL published elsewhere [9, 27, 45, 53] .
Lymphoplasmacytic lymphoma and the impact of MYD88 L265P mutations
According to the 2008 monograph on the WHO classification of hematolymphoid tumors, LPL "is a neoplasm of small B lymphocytes, plasmacytoid lymphocytes, and plasma cells, usually involving bone marrow (BM), sometimes lymph nodes and spleen, which does not fulfill the criteria for any of the other small B cell lymphoid neoplasms that may also have plasmacytic differentiation. Because the distinction between LPL and one of these other lymphomas, especially some marginal zone lymphomas (MZLs), is not always clear-cut, some cases may need to be diagnosed as a small B cell lymphoma with plasmacytic differentiation and a differential diagnosis provided" [49] . Thus, it is a diagnosis of exclusion, in part as "No specific chromosomal or oncogene abnormalities are recognized…" [49] . Deletion 6q, reported in >50 % BM-based LPL, and trisomy 4, reported in approximately 20 % of LPL, are not specific findings and were both found in at least one of the workshop cases (case 267, submitted by K. Gill) (Fig. 1) [7, 52] .
The lack of a LPL-associated molecular marker is now a thing of the past with the discovery of MYD88 L265P mutations in the vast majority of LPLs/Waldenström macroglobulinemia (WM) [56] . Although some studies have reported more variable results, the literature supports the very strong association of this mutation with LPL and its presence in a subset of IgM but not IgG or IgA monoclonal gammopathy of undetermined significance and not in plasma cell myelomas (PCMs) even of IgM type (Fig. 2) . MYD88 L265P mutations are also reported in a small proportion of other SBLs and a subset of large B cell lymphomas of non-germinal center/ activated B cell type, particularly those of leg type and those at immune privileged sites (CNS and testis) [25, 36, 62] . The variable results for the reported frequency of MYD88 mutation in LPL and other lymphoid neoplasms relate in part to use of detection methods with different sensitivities, differences in the proportion of neoplastic cells in the samples studied, possible inclusion of misdiagnosed cases with a lack of tissue confirmation in some studies, and some results based on investigation of very few cases. Varying diagnostic criteria used in the studies of non-LPL SBLs will greatly affect the frequency of finding MYD88 mutations, as overdiagnosis of LPL will result in a smaller proportion of MYD88-mutated cases and underdiagnosis will result in more non-LPLs demonstrating the mutation. Among the workshop cases tested, MYD88 L265P mutation was present in 11/11 LPLs (including three with transformation), 1/13 nodal marginal zone lymphomas (NMZL, including none of five with plasmacytic differentiation), 0/5 other SBLs (two extranodal marginal zone lymphomas of mucosa-associated lymphoid tissue (MALT), two splenic marginal zone lymphomas (SMZLs), and one unclassified), 0/4 chronic lymphocytic leukemia/small lymphocytic lymphomas (CLL/SLL), 0/3 follicular lymphoma (FL), and 1/3 MCLs with plasmacytic differentiation.
The workshop cases illustrated many of the classic histologic findings in tissue-based LPL: widely patent sinuses, sparse follicles, prominent plasma cells (sometimes with Dutcher bodies), hemosiderin, and increased mast cells (Figs. 1, 3 , and 4a-d). They also illustrated the impact that MYD88 mutational status has had on our diagnostic criteria for LPL. Consistent with the conclusions of a recently published study, the workshop cases highlighted the importance of a relatively monotonous lymphoplasmacytic proliferation in the diagnosis of LPL, the subtle nature of the plasmacytic component in some cases, extensive architectural effacement in some cases, and significant follicular colonization in a minority of cases (Figs. 1, 3 , and 4a-d) [19] . Caution is advised since, in addition to a paucity of frank plasma cells, polytypic plasma cells are present in some cases, a finding that would usually (but inappropriately) be taken to exclude LPL. While the majority of the LPLs were present in lymph nodes (with bone marrow involvement in five of six cases with available data), there were two ocular LPLs (cases 80 and 81, submitted by L. Venkatraman and M. Catherwood) and one in a myelolipoma (case 292, A. Staiger). One of the ocular cases is similar to one from the 2009 SH/EAHP workshop representing a recurrence in a patient known to have LPL/WM [27] . Both had prominent follicular colonization, and one had polykaryocytes as are typically found in ocular MALT lymphomas [44] . The diagnosis of LPL rested largely on the monotonous lymphoplasmacytic infiltrate, the MYD88 L265P mutation, and in one case, the previously documented WM.
MYD88 mutational studies also suggest that some cases formerly considered LPL should be excluded from that category. Specifically, other than in cases undergoing transformation (see discussion below), the lack of MYD88 mutations in "polymorphic LPL" suggests that these cases are better classified as something else [19] . Similarly, gamma heavy chain disease, which can resemble LPL, also lacks the mutation and thus does not represent a form of LPL [18] . It has been suggested that the lymphoplasmacytic proliferations associated with primary cold agglutinin disease are also not MYD88 mutated [38, 47] , but 27 % of MYD88-mutated WM in one study were reported to have associated cold agglutinin disease [37] . Finally, it has been reported that patients with WM lacking the MYD88 L265P mutation have an adverse prognosis and a lower response to ibrutinib [54, 55] . Cases of LPL with . In addition, up to about one third of non-GC/ABC-type DLBCL have MYD88 L265P mutations, with a higher proportion of leg-type DLBCL, CNS, and testicular DLBCL (not illustrated in figure) . References available upon request wild-type MYD88 are, however, more likely to be diagnosed in a less uniform fashion. Furthermore, as also illustrated at the workshop, some SBLs with plasmacytic differentiation and wild-type MYD88 must remain unclassifiable.
Although not a focus of the workshop, it is also of interest that WHIM-like CXCR4 mutations of either nonsense (most frequently CXCR4
S338X
) or frameshift type are present in approximately 27-36 % of WM/LPL, 20 % of IgM monoclonal gammopathy of undetermined significance (MGUS), and in only a very small proportion of some other B cell lymphomas [20, 41, 47, 54, 55] . These cases have some clinicopathologic associations and therapeutic implications, although survival differences have not been documented.
LPL is phenotypically diverse
The 2009 SH/EAHP workshop highlighted how some LPLs are CD5 (17 %), CD10 (16 %), and/or CD23 (58 %) positive (complete discussion in reference) [27] . The LPLs presented in Istanbul, which all had MYD88 L265P mutations, once again highlighted this point with 4/8 (50 %) CD10+ (Fig. 1d ) in the absence of BCL6 and in one case, also LMO2. Although often diffuse and sometimes with plasma cell positivity, the CD10 positivity in one case was restricted to BCL2+ and BCL6 essentially negative follicles (case 222, submitted by M. Parrens). In the absence of evidence for a coexisting FL, this might represent follicular colonization, with CD10 upregulation in the follicle environment. These cases emphasize that not all CD10+ B cell lymphomas are of germinal center cell type, a potential diagnostic trap in making major diagnostic decisions based on flow cytometric studies in fine needle aspirations. Only 1/8 (13 %) LPLs in this workshop was CD5+ (Fig. 3e ) (case 190, submitted by X. Zhao), and a different single case was focally CD23+ (case 200, submitted by L. Hock). Some also report CD25 expression to be common in LPL, potentially causing confusion with hairy cell leukemia (HCL), except that other HCL markers are negative [35] . Phenotypic studies are also useful in distinguishing the plasma cells in LPL from those in a true plasma cell neoplasms with the usual finding of CD45+ and CD19+ plasma cells in LPL that are more likely to be PAX5+ and IRF4/MUM1− than the plasma cells in a plasma cell neoplasm (or MZL) [27, 40, 42] . When should testing for MYD88 mutations be performed?
Testing for MYD88 mutations is of greatest benefit in SBLs with plasmacytic differentiation in which LPL is a strong possibility but where the findings are not definitive. A positive result should lead to a diagnosis of LPL, whereas a negative result would preclude definitive classification. If a diagnosis of LPL is not in the differential diagnosis, evaluation of MYD88 is not recommended at this time because a small proportion of non-LPLs have MYD88 L265P mutations, and therefore, a positive result would not alter the diagnosis [19, 30] . Mutational testing might be of value, even in definite LPL, if its presence was required for a more specific targeted therapy or if, as noted above, its absence implies a more aggressive disease [54, 55] . Mutational testing can also be helpful if PCM is in the differential diagnosis since, even if IgM+, it lacks MYD88 L265P mutations.
Plasmacytic differentiation in small B cell lymphomas, other than LPL and marginal zone lymphomas
Chronic lymphocytic leukemia/small lymphocytic lymphoma Some degree of plasmacytic differentiation is well-recognized in CLL/SLL even though the vast majority of cases lack differentiation to frank plasma cells. In the past, some CLLs/SLLs were classified as "lymphoplasmacytoid" lymphoma in the Kiel classification because of this (as opposed Fig. 4 to LPL which had frank plasma cells). Cytoplasmic immunoglobulin can be documented in paraffin-embedded sections in the majority of CLLs/SLLs, and proliferation centers characteristically are IRF4/MUM1+ [51] . PRDM1/BLIMP-1 is present in plasma cell neoplasms, LPL, and a significant number of diffuse large B cell lymphomas (DLBCLs), with weak reactivity reported in 15 % of CLLs/SLLs [11] . In vitro differentiation of CLL cells into immunoglobulin-secreting cells is also associated with increased PRDM1/BLIMP-1 expression and decreased LEF1 [10, 17] . CLL lacking recognizable proliferation centers, as in one of the two workshop cases, may be difficult to distinguish from LPL since CD5 and CD23 positivities do not exclude LPL. The plasmacytic differentiation may be largely expressed phenotypically without morphologically obvious plasma cells (case 78, submitted by D. Martinez) or with easily recognized plasma cells (case 182, submitted by J. R. Goodlad). Proliferation centers were not identified in the latter case; however, the small-cell component had a characteristic CLL phenotype. Plasmacytic differentiation in the former case ("accelerated" CLL [14] ) was documented by IRF4/MUM1 that was mostly in the proliferation centers, cytoplasmic lambda light chain expression, and diffuse PRDM1/BLIMP1 expression (Fig. 5) . At least most of the plasmacytic cells in both cases were CD138 negative. Distinction from LPL was aided in both cases by finding wild-type MYD88 and LEF1 immunoreactivity. Among the SBL, LEF1 is a very sensitive and specific marker for CLL/ SLL [50] . The possibility that the case without proliferation centers might represent a type of tissue-based monoclonal B cell lymphocytosis was raised as it presented with splenic but not nodal or peripheral blood involvement [13] . The patient has remained well for 8 years following splenectomy.
Follicular lymphoma
Plasmacytic differentiation in FL is rare with one form having predominantly interfollicular plasmacytic cells and usually a BCL2 rearrangement and the other having predominantly intrafollicular/perifollicular plasma cells, usually without a BCL2 rearrangement in either component [15] . Among the workshop cases, two FLs had predominantly interfollicular plasmacytic differentiation, one of which had a BCL2 rearrangement, and two FLs had prominent intrafollicular plasmacytic differentiation, one without a BCL2 rearrangement and one with both BCL2 and BCL6 rearrangements (case 150, submitted by M. Kinney) (Fig. 6) . Two previously reported BCL2 and BCL6 rearranged cases have also had intrafollicular plasmacytic differentiation [15, 61] . As highlighted in the workshop, the degree of plasmacytic differentiation varied, ranging from prominent plasma cells seen in the routine sections to cases only recognized with the aid of immunohistochemical stains and not necessarily with CD138 expression. Dutcher bodies (and Mott cells) were seen in one case (Fig. 6b, e, f) [15, 61] . CD10 was negative in two of the workshop cases (one CD5+), and BCL6 was not clearly positive in either with one of these cases raising the difficult differential of a MZL with prominent follicular colonization (case 326, submitted by J. Song) and the other HGAL+ (case 107, submitted by D. Ruijs), further supporting but not proving a follicular origin (see Xerri et al.'s workshop report). Although unusual, FL with plasmacytic differentiation may lack CD10 and, probably less often, BCL6 expression [15] . BCL2 protein is usually but not always positive with 2/14 previously reported and 1/3 workshop cases being negative (in spite of BCL2 rearrangement). Cases of FL with plasmacytic differentiation must be distinguished from cases of follicular hyperplasia with monotypic germinal centers [31] as illustrated in case 316 submitted by T. Quinto, in which a subset of otherwise hyperplasticappearing CD10+ follicles showed very strong cytoplasmic IgM kappa. There was no BCL2 translocation by fluorescence in situ hybridization (FISH) and no evidence of a clonal IgH rearrangement by PCR.
Mantle cell lymphoma
MCL typically does not have plasmacytic differentiation; however, seven cases with focal clonally related plasmacytic differentiation have been reported [8, 32, 59] . These cases had a clinical presentation similar to classical MCL with nodal (n=4), extranodal (n=4), splenic (n=2), and bone marrow involvement (n=6). The growth pattern was nodular in three cases, diffuse in two cases, and mantle zone in two cases. All cases were CD5 positive as was the plasma cell component in two cases. The t(11;14) translocation and cyclin D1 expression were demonstrated in the seven cases, but cyclin D1 expression was only detected in the plasma cell component in three of them. The significance of this surprising finding is uncertain. In the five patients with clinical follow-up, one died of the disease at 26 months and the others were alive with disease from 24 to 42 months.
Four such workshop cases helped to further characterize MCL with plasmacytic differentiation. One case, whose diagnosis was debatable, was composed almost exclusively of cyclin D1+ plasma cells and is discussed below (case 49, submitted by F. Sen). In the three other cases, the plasma or lymphoplasmacytic cells were intermingled with a small-cell lymphoid component that could be diagnosed as MCL (case 40, submitted by D. de Jong, case 46 by M.R. Ashton-Key, and case 89 by I. Ribera-Cortada) (Figs. 4e and 7) .
Two of these three cases (cases 46 and 89) showed a subpopulation of atypical small cells with lymphoplasmacytic differentiation, some with Dutcher bodies, whereas the third (case 40) had a component of monotypic plasma cells and amyloid deposition. They were strongly cyclin D1 positive in the small cells, cells with plasmacytic differentiation and plasma cells (Fig. 7) . The small cells were strongly positive for CD20 and BCL2 but were negative for CD5. Strong cytoplasmic kappa light chain restriction was present, with IgM in two and no heavy chain in one (case 40). The t(11;14) could be demonstrated in cases 40 and 89 but not in case 46, even with break apart FISH probes. This last patient had significant radiation exposure from nuclear testing more than 50 years before and had a past history of several malignancies. One of the three cases had a MYD88 L256P mutation (case 89).
Two of these three cases presented with nodal involvement (cases 40 and 89), whereas the third developed lymphadenopathy after a previous 7-year history of lymphocytosis initially diagnosed as atypical CLL but later re-interpreted as MCL due to the strong cyclin D1 expression that was also present in the initial bone marrow biopsy. The bone marrow was involved in the three cases, and splenic (case 46) and gastric infiltration (case 89) were seen in the course of the disease in two of them. One patient (case 40) was treated with chemotherapy at diagnosis, received several treatments at different relapses including allogenic bone marrow transplant, and was alive with disease 12 years after diagnosis. Treatment was deferred in the other two patients for 2 and 7 years. The first patient was alive with disease at 4.7 years, and the second died of disease at 10 years.
The mechanisms underlying plasmacytic differentiation in MCL are not well known. A recent study on the oncogenic mechanisms of SOX11, a transcription factor overexpressed in most MCL, showed that it directly regulates PAX5 and may promote tumor growth [57] . PAX5 maintains the B cell identity and is downregulated when the cell starts the plasma cell differentiation program. Experimental silencing of SOX11 in MCL cell lines led to downregulation of PAX5 and shift from a mature B cell phenotype towards early plasmacytic differentiation with upregulation of the plasma cell antigens BLIMP1 and XBP1. These observations suggested that SOX11 could influence MCL pathogenesis by blocking terminal B cell differentiation [57] . We therefore hypothesized that MCL with plasmacytic differentiation most likely would be SOX11 negative. The panel therefore performed SOX11 staining in the four cases, and all were negative (Fig. 7c) . These findings are concordant with a recent larger study (which included case 89), showing that plasma cell and terminal B cell differentiation in MCL mainly occur in SOX11-negative tumors [39] .
The three cases presented in the workshop, together with those previously published, illustrate how easily these MCLs can be confused with other SBLs with plasmacytic differentiation, particularly those that are CD5 negative and have a paraprotein [8, 39, 59] . However, the clinical presentation with generalized lymphadenopathy, and extranodal involvement, splenomegaly, and leukemic expression in some of the cases, may suggest the diagnosis of MCL that can be confirmed by demonstrating cyclin D1 expression. The difficulty in the differential diagnosis was well demonstrated by case 89 that had an IgM paraprotein. MYD88 mutation suggested a LPL with secondary acquisition of t(11;14) leading to cyclin D1 overexpression, or a MCL with plasmacytic differentiation, possibly related to secondary acquisition of the MYD88 mutation. It was not possible to determine which genetic event occurred first. The workshop also did include two cases of CLL in which the t(11;14) was acquired (case 20, submitted by I. Oschlies and case 98, submitted by I. Schliemann), indicating that although rare, t(11;14) might be a secondary event in the evolution of SBL.
Whether case 89 should be considered a MCL with plasmacytic differentiation or LPL with cyclin D1 overexpression is debatable. However, plasmacytic differentiation is a common phenomenon observed in many subtypes of SBL that must be diagnosed according to the characteristics of the lymphoid component. In addition, although the t(11;14) is found in both MCL and a minority of myelomas, it is more critical in defining entities than MYD88 mutations which are present in a much broader spectrum of B cell lymphoid neoplasms. The other two MCLs with plasmacytic differentiation in the workshop, as well as six additional recently published cases, lacked MYD88 mutation, in addition to more than 100 other MCLs investigated for this mutation [39] . Another differential diagnosis when there is marked plasmacytic differentiation is PCM with t (11, 14) . However, the clinical presentation with generalized lymphadenopathy, extranodal involvement, and lack of lytic bone lesions or hypercalcemia should favor the diagnosis of MCL.
Although the number of cases studied is limited, the clinical evolution of MCL with plasmacytic differentiation seems similar to the frequently indolent behavior seen in other SOX11-negative MCLs without TP53 mutations [39] . Two cases in the workshop and six additional published cases were not treated with chemotherapy for two or more years, and some of them had a long survival even with persistence of the disease. 
Marginal zone lymphomas (with an emphasis on plasmacytic differentiation)
The workshop, which included 13 NMZLs, 9 MALT lymphomas, and 4 SMZLs, highlighted some of the difficulties in making these diagnoses, particularly in the face of plasmacytic differentiation and non-specific phenotypic and molecular findings. It also highlighted how newer mutational studies may be very helpful, even if many of the mutations only occur in a minority of cases [43] .
NMZL is a SBL that "morphologically resembles lymph nodes involved by MZL of extranodal or splenic types but without evidence of extranodal or splenic disease" [49] . Because its growth pattern and cytologic appearance is variable and without a unique phenotype, it is sometimes used as a wastebasket for SBLs that are otherwise unclassifiable [2, 4, 46] . Although IRTA-1 expression is reported to help identify NMZL, the antibody is not commercially available [2] . The differential diagnosis for NMZL includes all the SBL. Distinction of NMZL with IgM+ plasmacytic differentiation from LPL, as seen in four workshop cases (cases 69, 186, 223, and 302), has been particularly difficult; however, the lack of MYD88 mutation in these four cases and in the vast majority of NMZLs (as reported in the literature) helped make the correct diagnosis (Fig. 8a-e) . Caution is advised as the workshop included one NZML with MYD88 L265P mutation (case 288, submitted by M. Klimkowska) (Fig. 8f-i) and not all LPLs have a demonstrable mutation. Another confounding feature in NMZL is the CD5 and/or CD23 expression seen in a small subset raising the possibility of CLL/SLL or MCL. CD5 expression in NZML has been associated with more frequent dissemination [22] . Reactive hyperplasias may also mimic a NMZL when there are very prominent monocytoid B cell areas as is typically seen with CMV infection (case 187, submitted by R. Batra).
EMZL also includes a significant minority of cases with plasmacytic differentiation leading to diagnostic difficulties. In one workshop case of MALT lymphoma associated with Hashimoto thyroiditis, the plasma cells only expressed gamma heavy chain as seen in gamma heavy chain disease but there were no serum Ig abnormalities (case 270, submitted by E. M. Maggio) (Fig. 9a-e) . The reported absence of MYD88 L265P mutations in gamma heavy chain disease helps in the distinction from LPL [18] . The workshop also highlighted how MALT lymphomas can mimic IgG4-related disease or arise in the setting of IgG4-related disease, emphasizing the importance of establishing whether or not the IgG4+ plasma cells are light chain class restricted. The skin has the highest proportion of IgG4+ MZLs [3] . IgG4+ lymphomas as well as IgG4-related disease are also well-described in the ocular adnexae [5, 33] , in association with chronic sclerosing sialadenitis [12] (case 264, submitted by J. M. Jaso) (Fig. 9f-i ) and in the dura (case 255, courtesy of T. Gindin) (Fig. 9j-m) , where one third of the MALT lymphomas are reported to be IgG4+ [58, 60] .
The diagnosis of SMZL presents diagnostic challenges, particularly when it is rendered without pathologic examination of the spleen. This may complicate some of the published MYD88 data. A major diagnostic pitfall is the SMZL that have plasmacytic differentiation with IgM paraproteinemia (seen in 15 % of cases at presentation), raising the possibility of LPL/ WM [29] . The presence of a typical biphasic cytologic appearance, as seen in case 178, submitted by M. A. Piris, can be helpful in arriving at the correct diagnosis (Fig. 10) . The absence of a MYD88 mutation can also be helpful, but up to about 15 % of SMZLs have been reported to have MYD88 mutations and with MYD88-mutated SMZL more likely to have an IgM paraprotein and plasmacytic differentiation [29] . The presence of KLF2 mutation (found in 42 % of SMZL) as well as the presence of 7q deletions also can help to establish the diagnosis of SMZL even though these genetic changes can uncommonly be found in other SBLs [6] . NOTCH2 mutations have also been associated with SMZL but are present in only about 25 % of cases and not a specific finding [24] . Although we believe that the diagnosis of SMZL can be made with the greatest confidence from splenectomy specimens, most cases are being diagnosed from bone marrow examinations, together with the clinicopathologic findings and ancillary studies. It is recognized, however, that many of the SMZL-associated molecular/cytogenetic abnormalities are present in a minority of cases and none are completely specific.
Can you have a lymphoma with complete plasmacytic differentiation and how is that different from a plasma cell neoplasm?
Given the variable extent of plasmacytic differentiation in many types of SBL, one must consider the possibility that it could be extreme and total. For example, one of the previously reported FLs with plasmacytic differentiation was indistinguishable from myeloma in the bone marrow [15] and elimination of the lymphoid but not the plasmacytic component in LPL following treatment has been reported [27] . In the case referred to above, a pure plasma cell neoplasm associated with amyloid presented as nodal disease without bone marrow involvement and without a paraprotein (case 49, submitted by F. Sen). There were scattered non-neoplastic follicles but no neoplastic lymphoid component. The cyclin D1 positivity and t(11;14) present were findings that in a plasmacytic neoplasm suggest PCM, but other features of myeloma were lacking. The panel recognized this as a plasma cell neoplasm but could not determine if it was more closely related to a MCL (with extreme plasmacytic differentiation) or PCM. Another unusual case of a pure CD10+ neoplastic plasma cell proliferation in the epiglottis and lymph nodes associated with an IgGλ paraprotein raised a similar issue (case 311, submitted by G. Kaygusuz). The patient did not have bone lesions, bone marrow involvement, or other findings to suggest PCM. As with the other cases, the plasma cells surrounded a moderate number of reactive lymphoid follicles. While the panel favored the diagnosis of an extramedullary plasmacytoma, one must also consider the possibility of a MZL with extreme plasmacytic differentiation [21] . The plasma cells were CD45+, a feature more commonly found in a plasmacytic component of a B cell lymphoma. Both of these cases highlight how hematopathologic diagnoses require a multiparameter approach including correlation with the clinical findings and also how definitive diagnoses are sometimes beyond our reach.
Amyloid and immunoglobulin-related deposits in lymphomas with plasmacytic differentiation
Abnormal intracellular and extracellular immunoglobulin (Ig) deposition is a rare but well-recognized phenomenon in B cell lymphomas with plasmacytic differentiation. The deposits can take a number of physical forms including extracellular deposition of whole Ig molecules, amyloid light-chain (AL) amyloidosis, and accumulation of crystalized Ig in reactive histiocytes (crystal-storing histiocytosis (CSH)). In the context of a B cell lymphoma, the deposition tends to remain localized to the tumor site only rarely causing systemic complications [16] . Eight workshop cases showed abnormal Ig deposition including four cases of localized AL amyloidosis (one probable LPL, one MCL with marked plasmacytic differentiation, one MCL with marked plasmacytic differentiation versus PCM, and one MALT lymphoma with plasmacytic differentiation), two cases of CSH (one MALT lymphoma and one NMZL with plasmacytic differentiation), and two cases of extracellular immunoglobulin deposition (one difficult-toclassify SBL with plasmacytic differentiation and one NMZL with plasmacytic differentiation). Case 312 submitted by K. Grogg was a patient with a history of Sjögren's syndrome and cutaneous and pulmonary MALT lymphoma with extensive localized amyloidosis. The lymphoma component in both biopsies was subtle, with only a few small B cell aggregates and a few clusters of kappa light chain-restricted plasma cells. Proteomic analysis of the amyloid deposits showed, in addition to pathogenic clonal kappa light chain, a significant component of IgG1 heavy chain. This is a distinguishing feature of localized AL amyloidosis caused by MALT lymphoma where the Ig heavy chain is frequently incorporated into the amyloid plaque. In contrast, in systemic AL amyloidosis, Ig light chains without a heavy-chain component are deposited at distant sites [16] .
Case 175 submitted by A. Chiu was a pulmonary MALT lymphoma with plasmacytic differentiation and extensive CSH. Proteomic analysis showed that the crystals were composed of Ig kappa chain variable region. This is consistent with other published studies suggesting that a truncated product of Ig heavy or light chain forms the crystals [23, 34] . The truncation is most likely a posttranslational event as intact Ig heavy and light chains can be shown in the neoplastic plasma cells.
Progression of lymphoplasmacytic lymphomas
Although LPL is indolent, transformation may occur, with a frequency of 5-13 %, portending a more aggressive clinical course [26, 48] . Three cases submitted to the workshop, all confirmed to have MYD88 mutation, highlighted the transformational process and the importance of TP53 abnormalities in this setting. As demonstrated by the workshop cases, progression and overt transformation may occur soon or many years after the diagnosis of LPL and has even been reported to occur at the time of diagnosis [26] . Transformation may develop suddenly or as part of a slower-paced progression. Histologically, when clusters and sheets of large transformed cells are present, a diagnosis of "transformation to diffuse large B cell lymphoma" is straightforward. Other clues to the presence of transformation are readily found mitotic figures or a high Ki-67 index. Case 144 (submitted by C. Soderquist) was incidentally discovered to have LPL and an IgM paraproteinemia, which was managed by observation. However, 2 months later, the patient developed severe epistaxis, worsening anemia and thrombocytopenia, and axillary lymphadenopathy. Lymph node biopsy showed areas of LPL and other areas with very prominent large lymphoid cells easily recognized as transformation to DLBCL (Fig. 11) .
Greater diagnostic challenges are encountered when there is just an increased proportion of large transformed cells admixed with non-transformed LPL cells since up to 10 % large transformed cells can be present in typical LPL [1] . With no established criteria for transformation in the absence of numerous transformed cells, we recommend labeling cases with intermediate numbers of transformed cells as "progressed LPL." These cases may be more aggressive, and many likely correspond to "polymorphic immunocytoma" of the Kiel classification [1, 26, 28] .
Case 113 (submitted by L. Quintanilla-Martinez) originally presented with IgM monoclonal gammopathy of undetermined significance, followed 5 years later by typical LPL/WM based on a bone marrow biopsy. Four years later, the patient developed a rapidly enlarging breast mass. The disease was refractory to chemotherapy, and the patient died after a few months. The breast biopsy showed small lymphocytes, lymphoplasmacytoid cells, and plasma cells admixed with many large lymphoid cells in some areas. Ki67 index was almost 100 % in areas rich in large cells. Molecular analysis demonstrated identical IgH rearrangement in the bone marrow with LPL and in the transformed tumor in the breast. Case 185 (submitted by R. E. Felgar) presented originally as WM, with LPL documented in the marrow. Treatment resulted in a reduced disease burden. Seven years later, the patient presented with enlarging lymph nodes. She did not respond to Velcade. Repeat lymph node biopsy later that same year showed predominantly a small lymphoid cell infiltrate without significant plasmacytic differentiation but with interspersed tingible body macrophages and admixed large to medium-sized transformed cells.
Information on the molecular basis for transformation is limited in the literature, but the workshop cases suggest that TP53 deletion and/or mutation play an important role, although the abnormalities may precede histologic and clinical transformation. Case 144 had a TP53 mutation in the DLBCL, and case 185 with progressed LPL had a TP53 deletion. Case 113 was interesting in that the bone marrow biopsy with LPL had only a subset of cells expressing p53, whereas both the smaller-and larger-cell areas in the transformed biopsy showed >80 % strongly p53+ cells. Both biopsies, however, had a deletion in TP53.
Conclusions
The workshop highlighted that many types of SBL can have plasmacytic differentiation with the diagnosis relying heavily on the characterization of the lymphoid component, including phenotypic, cytogenetic/molecular, and sometimes clinical findings. MYD88 mutational analysis is very helpful in this setting, even if not pathognomonic for LPL, since MYD88 L265P mutations are also present in a small proportion of other SBLs. This mutation has helped to refine the diagnostic criteria for LPL, leading to the exclusion of some cases formerly under this umbrella and inclusion of others that may have been previously diagnosed as MZL. Nevertheless, even in 2015, some SBLs with plasmacytic differentiation still defy classification.
The workshop cases also highlighted additional clinicopathologic and biologic features of SBLs with plasmacytic differentiation. Lymphoid neoplasms with CCND1 rearrangements and plasmacytic differentiation may be related to SOX11 negative MCL. Whether rare nodal neoplasms with CCND1 rearrangements and total plasmacytic differentiation represent examples of a SOX11 negative MCL remains uncertain. Some SBLs with plasmacytic differentiation also may be challenging to diagnose because they have extensive amyloid or other immunoglobulin deposition or numerous crystalstoring histiocytes.
Progression in LPL is not common but does occur with a gradual or more precipitous increase in the proportion of large transformed cells. Based on the workshop cases, progression is often associated with TP53 abnormalities.
